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SUMMARY 

An investigation t o  determine the e f fec ts  of nose-cone angle and bluntness, 
upper-stage fineness ra t io ,  and stage t rans i t ion  f l a r e  angle on the aerodynamic 
character is t ics  of a simulated launch vehicle w a s  conducted at Mach numbers from 
0.40 t o  1.20, angles of a t tack from about -4' t o  180, and at  t e s t  Reynolds num- 
bers per foot on the order of 3.7 X lo6. 

The re su l t s  indicate t h a t  increases i n  nose-cone angle had only s l igh t  
e f f ec t s  on normal-force, pitching-moment, and center-of-pressure characteris- 
t i c s ,  but caused a near-linear increase i n  forebody ax ia l  force with increasing 
nose angle at  Mach numbers above 0.40, 
noticeable e f fec t  on axial force at  an angle of a t tack of 00 over the Mach num- 
ber range investigated. 

Increasing the nose bluntness had no 

A t  low angles of attack, increases i n  upper-stage fineness ra t io ,  although 
exhibiting l i t t l e  e f fec t  on normal-force-curve slope, caused increases i n  
pitching-moment-curve slope and forward s h i f t s  i n  center-of-pressure location 
which remained f a i r l y  constant over the Mach number range investigated. 

Increasing the stage t rans i t ion  f l a r e  angle had l i t t l e  e f fec t  on the aero- 
dynamic character is t ics  other than ax ia l  force. 
investigated, increases i n  axial-force coefficient with increases i n  angle of 
attack up t o  100 occurred at  a Mach number of 1.2, as a probable r e su l t  of vari- 
ations i n  flow separation with angle of a t tack f o r  t h i s  configuration. 

For the highest f l a r e  angle 

IJITRODUCTION 

The complex nature of the flow i n  the transonic speed range has precluded 
the development of theoret ical  methods which may be used t o  predict  launch- 
vehicle aerodynamic character is t ics  accurately. Furthermore, the available 
experimental information has not permitted the development of re l iab le  empir- 
i c a l  methods of prediction. A s  a resu l t ,  wind-tunnel investigations are gen- 
e ra l ly  required t o  determine the transonic character is t ics  of proposed launch 

Ti t le ,  Unclassified. .3t 



vehicles a d  also t o  determine e f fec ts  of modifications t o  exis t ing launch 
vehicles. 
c i f i c  vehicles (e.g., refs .  1 t o  3 )  and fo r  systematic variations of re la t ive ly  
low-fineness-ratio single-stage configurations (e. g., refs.  4 t o  6) , investiga- 
t ions of a systematic nature for multistage configurations, which would aid i n  
the development of the empirical methods noted ear l ie r ,  have generally e i the r  
been conducted at  supersonic speeds or have been involved with the development 
of a par t icu lar  launch vehicle (e. g. , refs.  7 and 8). 

Although experimental r e su l t s  are available f o r  a number of spe- 

The present investigation was undertaken as an adjunct t o  the aerodynamic 
loads investigation of reference 9 i n  order t o  determine the e f fec ts  of config- 
uration geometry on the transonic aerodynamic force and moment character is t ics  
of a simulated launch vehicle. 

The investigation w a s  conducted i n  the Langley 8-foot transonic pressure 
tunnel at  Mach numbers from 0.40 t o  1.20 and angles of attack from about -bo 
t o  1 8 O .  

6 3.7 x 10 
The average t e s t  Reynolds number per foot was on the order of 

SYMBOLS 

Aerodynamic force and moment data are  referred t o  the body system of axes, 
with coefficients based on the maximwn body cross-sectional area of 
0.0524 square foot and the maximum body d i a e t e r  of 3.10 inches. 
are measured about a point located on the body center l i ne  three reference 
diameters forward of the model base. 

Moments 

A m a x i m  body cross-sectional area, 0.0524 sq f t  

CA 

‘A, b 

‘m 

Axial force 

SA 
axial-force coefficient, 

Base axial force base axial-force coefficient, 
SA 

Pitching moment pitching-moment coefficient, 
SAd 

acm 
pitching-moment-curve slope, -, per  deg 

mer. aa 
C 

Normal force 
SA 

nor&-force coefficient,  

normal-force-curve slope, -, 3% per deg 
CNC, aa 
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m a x i m  body diameter, 3.10 in. 

Mach number 

free-stream dynamic pressure 

Reynolds number per foot 

radius of nose-cone hemispherical cap 

radius of nose-cone base 

center-of-pressure location, maximum body diameters forward of model 
base 

angle of attack of body center l ine ,  deg 

stage t rans i t ion  flare half-angle, deg 

nose-cone half-angle, deg 

APPARATUS AND TESTS 

Model 

Details and design dimensions of the several model configurations investi- 
gated are presented i n  figure 1. Configurations are separated in to  the three 
general groups described i n  subsequent sections and are numbered according t o  
the system u t i l i zed  i n  reference 9. It should be noted here that ,  f o r  the 
investigation of reference 9, configuration numbers were assigned according 
t o  a proposed tes t ing  sequence and therefore do not always follow an orderly 
prggression as far as model geometric variations are concerned. 

Nose variations.- Configurations used t o  determine e f fec ts  of nose angle 
and.bluntness, shown i n  figure l(a),  had an upper-stage fineness r a t i o  of 4.85, 
and a t rans i t ion  f l a r e  half-angle of 50. Three pointed nose cones having half- 
angles of l 5 . 3 O Y  22.5', and 30° (configurations 4, 39 and 5, respectively) were 
investigated. 
which had r a t io s  of nose cap radius t o  cone base radius of 0.30 (configura- 
t i on  6) and 0.60 (configuration 7) were tested. 

In  addition, two other 22.5O half-angle, rounded nose cones 

Upper-stage variations.- Three model configurations were employed t o  deter- 
mine the e f fec ts  of variations i n  upper-stage fineness ratio.  
For these configurations, the  nose cone and t rans i t ion  flare half-angles were 
22.5' and 5 O ,  respectively, and the upper-stage fineness r a t i o  was varied from 
1.42 (configuration 1) t o  2.99 (configuration 2) and t o  4.85 (configuration 3). 

(See fig. l (b ) . )  

Transition flare variations.- Four configurations were used t o  determine 
the effects of variations i n  t rans i t ion  flare angle. Each had a 
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22.5O half-angle conical nose and the t ransi t ion f l a r e  half-angles were 5 O ,  loo, 
15', and 29.9' fo r  configurations 3, lo, 8, and 9, respectively. 
fig. l ( c ) .  ) 
were accompanied by variations i n  the upper-stage fineness r a t i o  and i n  model 
overall  length. 
t o  place pressure or i f ices  immediately ahead of the f l a r e  leading edge, were 
duplicated fo r  the configurations of the present investigation. 

(See 
As noted i n  reference 9, the variations i n  t rans i t ion  flare angle 

These variations, which i n  reference 9 resulted from an attempt 

Model photographs are provided i n  figure 2. 

T e s t s  and Procedure 

The investigation was conducted at  a stagnation pressure approximately 
equal t o  atmospheric. With the exception of configurations 6 and 7 (blunt 
nose-cone configurations), which were tes ted through the Mach number range 
at  an angle of attack of Oo only, all configurations were tes ted through an 
angle-of-attack range extending from about -4' t o  1 8 O  at  Mach numbers from 
0.40 t o  1.20. Average t e s t  Reynolds numbers per foot and dynamic pressures , 

for  the investigation are given i n  figure 3. 

The investigation was  conducted with a t rans i t ion  s t r i p  located a t  a point 
0.25 inch rearward of the nose-cone-upper-stage juncture. 
s t r i p  w a s  0.1 inch wide and was composed of No. 80 carborundum grains (nominal 
size 0.0083 inch) set i n  a p l a s t i c  adhesive. 

The t rans i t ion  

Correct ions 

Effects of subsonic boundary interference i n  the  s lot ted t e s t  section are 
considered t o  be negligible, and no corrections f o r  these e f fec ts  have been 
applied. 
boundary-reflected disturbances would be expected t o  affect  the resul ts .  

Also, no r e su l t s  are presented f o r  supersonic Mach numbers at which 

Axial-force results contained herein have been adjusted t o  the assumed 9 

condition of free-stream s t a t i c  pressure acting a t  the model base. 

Accuracy 

Accuracies of the measured coefficients, based upon instrument calibration 
and data repeatability, are estimated generally t o  be within the following 
limits : 

M = 0.40 M = 1.20 

c N . .  . . . . . . . . . . . . . . . . . . . . . . . . .  50.070 50.017 
c A . .  . . . . . . . . . . . . . . . . . . . . . . . . .  50.015 +O. 004 
cA,b. . . k0. 003 . . * .  * . . *0.012 
c m .  . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.188 +o. 045 

Model angle of attack i s  estimated t o  be accurate within k0.1'. 
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PRESENTATION OF RESULTS 

The figures presenting r e su l t s  of t h i s  investigation are l i s t e d  i n  the 
following table: 

Figure 

Variation with angle of attack of 
Variation with angle of a t tack of 
Variation with angle of a t tack of 
Variation with angle of a t tack of 
Variation with angle of a t tack of 

normal-force character is t ics  . . . . 4 
axial-force character is t ics  . . . . . 5 
base axial-force character is t ics  . . . 6 
pitching-moment character is t ias  . . . 7 
center-of-pressure - 

character is t ics  . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Summary of aerodynamic character is t ics  i n  pitch, a = 0' . . . . . . . . 9 
Effect of nose-cone angle on axial-force character is t ics  . . . . . . . . 10 

In* order t o  f a c i l i t a t e  presentation of the data, staggered scales have been 
used i n  some of the figures and care should be taken i n  selecting the proper 
zero axis f o r  each curve. 
pressure r e su l t s  a t  an angle of attack of Oo i n  figure 8 represent computed 

and C measured at  an angle of values which were obtained by using 

attack of approximately 0'. 

Flagged points which appear i n  the center-of- 

c% N a  

DISCUSSION 

Effect of Nose-Cone Angle 

Normal-force curves f o r  the configurations having varying nose angles, 
given i n  figure 4(a),  e f i i b i t  an increase i n  slope with increasing angle of 
attack. The e f fec ts  on the normal-force-curve slope measured at an angle of 
attack o f  0' ( f ig .  g ( a ) )  of increasing nose-cone angle from 15.3' t o  30' are 
seen t o  be sl ight.  
effects.  

Results presented i n  references 4 and 10 show similar 

,Effects of a var ia t ion i n  nose-cone angle on the  axial-force characteris- 
t i c s ,  presented i n  figure 5(a), indicate tha t  the increases i n  axial-force 
coefficient associated with increases i n  nose-cone angle remain essent ia l ly  
constant at each Mach number over the angle-of-attack range of the present 
investigation. The e f f ec t s  of Mach number on the axial-force character is t ics  
f o r  the varying nose-angle configurations are presented i n  figure g(a) and show 
tha t  fo r  an angle of a t tack of Oo posit ive increments i n  axial-force coeffi- 
c ient  resul t ing from increases i n  nose-cone angle generally increase at  the 
higher Mach numbers, as would be expected. Base axial-force coefficients 
(fig.  6(a))  indicate l i t t l e  or no e f fec t  of nose angle. 

An interest ing comparison may be mde between the axial-force r e su l t s  
of the present investigation and those given i n  reference 4, i f  two assumptions 
are  made. 
axial force discussed previously are associated solely with variations i n  

The first i s  that f o r  the present investigation the variations i n  
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nose-cone axial  force, and the second i s  that the b lmted  conical noses of 
reference 4 and the pointed conical noses of the present investigation may be 
compared directly.  Concerning the first assumption, resu l t s  given i n  refer- 
ence 9 fo r  configurations ident ical  t o  those of the  present investigation 
indicate tha t  interference e f fec ts  resul t ing from variations i n  nose-cone 
angle are res t r ic ted  t o  the cylindrical  portion of the model forward of the 
t rans i t ion  flare. 
variations i n  nose-cone angle f o r  the present investigation would be associ- 
ated only with the nose cone. With regard t o  the second assumption, results 
given i n  references 10, 11, and 12  and r e su l t s  of the present investigation 
t o  be discussed subsequently herein indicate that ,  at  l e a s t  up t o  the Mach 
number fo r  the sharp cone shock attachment, the e f fec ts  of nose bluntness are 
essent ia l ly  negligible. 

A s  a result, variations i n  axial-force coefficient with 

Results of the aforementioned comparison are shown i n  figure 10. In  fig- 
ure lO(a), axial-force coefficients, plotted fo r  several Mach numbers as a 
function of nose half-angle, exhibit  a near-linear increase with increasing 
nose angle fo r  most of the Mach numbers above 0.40. 
enced t o  the cone base area i n  each case. 
(fig. 10(b)) indicates reasonably good agreement i n  the slopes measured for  
the c m s  of figure lO(a). 

Coefficients are refer- 
A summary of these r e su l t s  

Effects of a variation i n  nose-cone angle on the pitching-moment and 
center-of-pressure characterist ics,  shown i n  figures 7(  a) and 8(a) and 
summarized i n  figure g(a),  are seen t o  be slight. 

Effect of Nose Bluntness 

The effects on axial  force of varying the  nose bluntness ra t io ,  or the 
r a t i o  of nose hemispherical cap radius t o  cone base radius (r/q), are given 
for  the 22.5O half-angle nose cone at a = 0' i n  figure g(b). A s  indicated 
ear l ier ,  these results show negligible e f fec ts  of blunting over the bluntness 
r a t i o  and Mach number ranges investigated. 
sented i n  references 10 and 11 indicates that, f o r  configurations which have 
lower effect ive nose-cone angles than those of the present investigation, nose 
blunting also has l i t t l e  o r  no e f fec t  up t o  Mach numbers s l igh t ly  over 1.0. 
A t  higher Mach numbers (1.0 < M < L k ) ,  the configurations which have rela- 
t i ve ly  low values of bluntness r a t i o  ( r /q  = 0.27) again show negligible 
e f fec ts  of bluntness; however, sizable increases i n  drag due t o  bluntness 
above a Mach number of 1.03 are noted i n  reference 11 f o r  a configuration 
having a bluntness r a t i o  of about 0.77. 

Examination of the r e su l t s  pre- 

The reasons f o r  the  negligible e f fec ts  on drag of nose blunting, as s ta ted 
fo r  the supersonic case i n  reference 11, hold also f o r  the subsonic and tran- 
sonic ranges, as i s  shown by the r e su l t s  of reference 9. 
reaches stagnation pressure at the nose apex and then experiences an extremely 
rapid expansion over the hemispherical nose portion, reaching loca l  pressures 
considerably below those which exist for  the pointed nose cone at the same 
location forward of the cone-cylinder juncture. 
nose cap, loca l  pressures f o r  the blunted cone approach those of the pointed, 
or  unmodified, cone. 
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higher pressures acting over the nose apex region of the blunted nose i s  
opposed by the e f fec t  of re la t ive ly  lower pressures acting over a la rger  area 
t o  the rear. 
the references indicated, these opposing forces result i n  no measurable dif- 
ferences i n  axial-force coefficient between the pointed and blunt nose 
configurations. 

For the configurations of the present investigation and those of 

It should be noted tha t  the configurations of reference 10 are composed 
of cones, cone frustums, and cylinders i n  combination, and those of refer- 
ence 11 are ogive cylinders; however, it would be expected that the loca l  
pressure variations associated with nose blunting would have similar ef fec ts  
on drag both fo r  the configurations discussed previously and those of the 
present investigation. 

Effect of Upper-Stage Fineness Ratio 

Although the e f fec ts  of increasing upper-stage fineness r a t i o  on the I 

normal-force-curve slope measured at  an angle of attack of Oo are negligible 
(fig. 9(c)), noticeable e f fec ts  on normal-force coefficient do appear at  the 
higher angles of attack. It should be remembered, of 
course, that increases i n  upper-stage fineness r a t i o  are accompanied by 
increases i n  projected planform area. 

(See fig. 4(b). ) 

(See fig.  ~ ( b ) .  ) 

Axial-force results (fig.  5(b))  show that increases i n  upper-stage fine- 
ness r a t i o  are accompanied by increases i n  axial. force, the increments remaining 
re la t ive ly  constant through the angle-of-attack range a t  each Mach number. 
These increments i n  axial  force associated with increasing fineness r a t i o  are 
approximately equal t o  those which would be expected t o  resu l t  from the increase 
i n  f r ic t ion  drag as the upper-stage length, and therefore the wetted area i s  
increased. 
sl ight.  
Mach number, the broadening of the negative pressure-coefficient peak associated 
with the nose cone results i n  a reduction i n  pressures over the forward region 
of 'the t rans i t ion  f l a r e  fo r  the configuration with the lowest fineness r a t i o  
re la t ive t o  the other two. 
reduce the ax ia l  force somewhat fo r  t h i s  configuration, the results of fig- 
ure "(c) indicate l i t t l e  o r  no discernible effect .  

Mach number effects ,  presented i n  figure 9(c),  are seen t o  %e 
The results given i n  reference 9 indicate tha t  at  the highest test  

Although these variations would be expected t o  

I 

Pitching-moment character is t ics  ( f ig .  7(b) ) show notable increases i n  
pitching moment at posit ive angles of attack w i t h  increases i n  upper-stage 
fineness ra t io ,  which result primarily from a forward movement of the nose 
cone re la t ive  t o  the moment reference center. 

Center-of-pressure resul ts ,  given i n  figures 8(b) and 9(c), indicate 
tha t  forward movements i n  center-of-pressure location resul t ing from the 
overall  increase i n  stage fineness r a t i o  are on the order of one body diam- 
eter, the increment remaining f a i r l y  constant over the Mach number range. 
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Effect of Transition Flare Angle 

A s  noted i n  the model section, var ia t ions i n  stage t rans i t ion  f l a r e  angle 
were accoqanied by variations i n  upper-stage fineness r a t i o  and i n  model 
overall  length. 
previously discussed, however, the variations i n  fineness r a t i o  with f l a r e  
angle would be expected t o  have generally only s l i gh t  effects ,  par t icular ly  
on the normal-force and axid-force characterist ics.  

Based upon a consideration of the e f f ec t s  of fineness r a t i o  

Results presented i n  figures 4(c) and 9 ( d )  indicate tha t  l i t t l e  or no 
ef fec ts  occur on normal force at  the lower angles of attack as stage t ransi-  
t ion  f l a r e  half-angle i s  increased from 5' to 29.9'. Noticeable, but gener- 
a l l y  random, e f fec ts  occur at  angles of attack greater than about 8' up t o  a 
Mach number of 1.0. The effects  of t rans i t ion  f l a r e  angle on axial-force 
character is t ics  are given i n  figures 5(c)  and 9(d). Generally, increases i n  
e i ther  t rans i t ion  f l a r e  angle or Mach number resulted i n  increases i n  axial . 
force. 
configuration which has a noticeably higher axial force, the general l eve l  of 
axial-force coefficients i s  the same f o r  the various flare-angle configurati-ons 
A s  Mach number i s  increased t o  0.80 and 0.90, noticeable increases i n  form 
drag occur, respectively, f o r  the l 5 O  and loo f l a r e  configurations re la t ive  t o  
the 5' flare configuration (fig.  9(d)) .  
increases i n  angle of a t tack up t o  about 10' are accompanied by increases i n  
axial. force f o r  the 29.9O f l a r e  configuration (f ig .  5 (c ) ) .  These variations 
are a probable r e su l t  of a decrease i n  flare-induced separation with increasing 
angle of a t tack over the lower portion of the body which results i n  sizable 
increases i n  posit ive pressures over the lower half  of the flare as angle of 
attack i s  increased t o  loo. (See re f .  9. ) 

A t  a Mach number of 0.6, and with the exception of the 2 9 . 9 O  f la red  

A t  the highest t e s t  Mach number 

Pitching-moment resul ts ,  given i n  figures 7(c)  and 9 ( d ) ,  show l i t t l e  
effect  of flare angle at  the lower angles of attack. A t  the higher angles of 
attack, noticeable e f f ec t s  occur, although not i n  an orderly progression with 
regard t o  the geometric variations. The results are undoubtedly affected t o  
some degree by differences i n  nose'location re la t ive  t o  the moment reference 
center fo r  the various configurations, and e f f ec t s  of these differences shodd, 
of course, be considered i n  any application of these resul ts .  
pressure r e su l t s  ( f igs .  8(c)  and 9(d))  generally show only s l igh t  e f f ec t s  of 
flare-angle variation. 

Center-of- 

R e s u l t s  of an investigation conducted at  transonic speeds t o  determine the 
e f fec ts  of systematic variations i n  geometry on the aerodynamic character is t ics  
of a simulated launch vehicle have indicated the following: 

1. Increases i n  nose-cone angle had only s l i gh t  e f fec ts  on normal-force, 
pitchlng-moment, and center-of-pressure characterist ics,  but caused a near- 
l i nea r  increase i n  forebody ax ia l  force with increasing nose angle at Mach 
numbers above 0.40. Increasing the nose-bluntness r a t i o  from 0 t o  0.60 fo r  
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a 22.3O half-angle nose cone had no noticeable e f fec t  on ax ia l  force at  an 
angle of attack of Oo over the Mach number range investigated. 

2. A t  low angles of attack, increases i n  upper-stage fineness ra t io ,  
although exhibiting l i t t l e  e f fec t  on normal-force-curve slope, caused increases 
i n  pitching-moment-cue slope and forward s h i f t s  i n  center-of-pressure loca- 
t i on  which remained f a i r l y  constant over the Mach number range investigated. 
A t  the higher angles of attack, increases i n  upper-stage fineness r a t i o  were 
accompanied by noticeable increases i n  normal-force coefficient. 

3. Increasing the stage t rans i t ion  f l a r e  angle had l i t t l e  e f fec t  on the 
aerodynamic character is t ics  other than ax ia l  force. For the highest f l a r e  
angle investigated, increases i n  axial-force coefficient with increases i n  
angle of attack up t o  10' occurred a t  a Mach number of 1.2, as a probable 
resu l t  of variations i n  flow separation with angle of attack for t h i s  
configuration. 

Langley Research Center, 
* National Aeronautics and Space Administration, 

Langley Station, Hanrpton, Va., February 29, 1964. 
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(a) Nose-cone angle and bluntness variations. 

Figure 1.- Model details. All dimensions are in inches unless otherwise noted. 
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Figure 1.- Concluded. 
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(a) nose-cone-angle variations. 

Figure 4. - Variation with angle o f  attack of normal-force characteristics. 
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(b ) Upper- stage f inenes s-rat  i o  variations. 

Figure 4.- Continued. 
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(c )  Transition f l a r e  angle variations. 

Figure 4.- Concluded. 
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(a) Nose-cone-angle variations. 

Figure 5.- Variation with angle of attack of axial-force characteristics. 
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(b ) Upper-stage f ineness-ratio variations.  

Figure 5.- Continued. 
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(e)  Transition flare angle variations. 

Figure 5.- Concluded. 
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(a) Nose-cone-angle variations. 

Figure 6.- Variation with angle of attack of base axial-force characteristics. 
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Figure 60-. Concluded. 
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(a) Nose-cone-angle variations. 

Figure 7.- Variation with angle of attack of pitching-moment characteristics. 
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(b) Upper- stage f inene s s-rat io variations. 

Figure 7.- Continued. 
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(e) Transition f l a r e  angle variations. 

Figure 7.- Concluded. 
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(a) Nose-cone-angle variations. 

Figure 8.- Variation with angle of attack of center-of-pressure characteristics. 
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(b) Upper-stage fineness-ratio variations. 

Figure 8.- Continued. 
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(c) Transition f l a r e  angle variations. 

Figure 8.- Concluded. 
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